Synaptic vesicle proteins  by Avery, Julia
Quick guide
Synaptic vesicle
proteins
Julia Avery
What are they? Synaptic vesicle
proteins are the ‘business end’ of
synaptic vesicles. Without them,
synaptic vesicles would simply be
empty vessels, and neurotransmitters
wouldn’t be stored or released
properly at nerve terminals.
What do they do? Synaptic vesicle
proteins fall into two broad classes.
Some are involved in the uptake and
storage of neurotransmitters; others
are involved in membrane trafficking
processes, such as the exocytosis of
synaptic vesicles in response to nerve
stimulation and the recycling of
vesicles following neurotransmitter
release (see Figure).
What are they called? The uptake and
storage of neurotransmitters is taken
care of by the imaginatively named
‘neurotransmitter transporter
proteins’ (as well as by ion channels
and a proton ATPase). The synaptic
vesicle proteins in the membrane
trafficking class have mostly been
given the prefix ‘synapto’, from the
Latin meaning ‘to attach together’,
and a suffix supposed to reflect a
particular physical or functional
characteristic. Hence, names like
synaptobrevin (also known as VAMP),
synaptophysin, synaptotagmin and
synaptogyrin. But watch out for
exceptions to this rule, such as
SCAMP and rab3a.
Who are their known associates?
Almost any type of protein you can
think of will have been reported to
associate with synaptic vesicle
proteins (although these interactions
should be taken with a pinch of salt
— some could be in vitro artefacts).
As you might expect, synaptic vesicle
proteins associate with cytoplasmic
and membrane proteins for
exocytosis and recycling. The so-
called ‘fusion’ or ‘SNARE’ complex
formed between synaptobrevin and
two presynaptic plasma membrane
proteins, syntaxin and SNAP-25, is
thought to mediate exocytosis.
Synaptobrevin is also a membrane
receptor for the cytosolic proteins
NSF and α-, β- and γ-SNAPS. This
is significant because these factors
are required for constitutive
intracellular membrane fusion events
— indicating a link between
regulated and constitutive fusion.
The recycling of synaptic vesicles is
thought to involve interactions
between synaptotagmin and the
vesicle coat protein AP2. Many other
interactions with proteins of the
nerve terminal are known but their
significance is less well understood.
Are there other significant interactions?
Yes. Synaptobrevin is the target
protein for tetanus toxin and
botulinum neurotoxin B. These
neurotoxins completely block
synaptic vesicle exocytosis without
affecting any other aspect of nerve
terminal function or organization. 
Do they have any relatives? Lots. The
list of related proteins has grown
exponentially, and many of them are
not localised to synaptic vesicles.
Non-neuronal mammalian
homologues, such as endobrevin,
cellubrevin and ERS-24, are thought
to have a role in other intracellular
membrane fusion events.
Does size matter? Of course it does.
Because vesicles are quite small, the
number of protein molecules that an
individual vesicle can carry is limited.
That might make it a manageable
task to assign a function for all the
proteins, thus going some way
towards understanding the various
stages of the synaptic vesicle cycle.
But only one group, so far, has
attempted to quantify the relative
and total numbers of proteins per
synaptic vesicle, with limited success.
Do we need them? Yes. There is
increasing evidence that deficiencies
or defects in synaptic vesicle
proteins might underlie neurological
disorders such as schizophrenia,
Alzheimer’s disease and Parkinson’s
disease. The botulinal neurotoxins
might provide tools with which to
study the molecular defects
associated with these disorders.
Botulinum neurotoxin A is already
being used successfully in the
treatment of the local involuntary
muscle spasms characteristic of
spasmodic dysphonia.
Most likely to be mentioned by…
Thomas Südhof, Pietro De Camilli,
Reinhard Jahn and Richard Scheller,
to name but a few. Although the
competitive, fast-paced nature of the
field means you’re unlikely to find
them all in the same room at the
same time.
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A nerve terminal, showing exocytosis of
synaptic vesicles in response to nerve
stimulation and recycling via coated vesicles
from the presynaptic plasma membrane,
following neurotransmitter (red) release.
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